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LIGHT EMITTING DEVICE, METHOD OF
MANUFACTURING THE SAME, LIGHT
EMITTING APPARATUS, AND LIGHTING
SYSTEM

The present application claims priority under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2009-0020134
filed on Mar. 10, 2009, which 1s hereby incorporated by

reference 1n 1ts entirety.

BACKGROUND

The embodiment relates to a light emitting device, a
method of manufacturing the same, and a light emitting appa-
ratus.

A light emitting diode includes a light emitting structure
having a first conductive semiconductor layer, an active layer
and a second conductive semiconductor layer and the light
emitting structure emits light as power 1s applied thereto.

The light emitting structure 1s formed on a growth sub-
strate, such as a sapphire substrate, as an epitaxial layer, and
a reflective layer 1s formed on the light emitting structure.
Then, a conductive substrate 1s formed on the retlective layer
and the growth substrate 1s removed, thereby obtaining a
vertical type light emitting diode.

SUMMARY

The embodiment provides a light emitting device having,
an 1mproved structure, a method of manufacturing the same
and a light emitting apparatus.

The embodiment provides a light emitting device capable
of improving light efficiency, a method of manufacturing the
same and a light emitting apparatus.

According to the embodiment, there 1s provided a light
emitting device comprising: a conductive substrate; a retlec-
tive layer on the conductive substrate; an etching protective
layer on a peripheral portion of a top surface of the conductive
substrate; and a light emitting structure, which 1s formed on
the reflective layer and the etching protective layer such that
the etching protective layer 1s partially exposed and includes
a 1irst conductive semiconductor layer, a second conductive
semiconductor layer and an active layer between the first and
second conductive semiconductor layers, wherein the etching
protective layer includes a first refractive layer having a first
refractive index and a second refractive layer having a second
refractive index greater than the first refractive index.

According to the embodiment, there 1s provided a light
emitting device package comprising: a package body; a light
emitting device on the package body; an electrode electrically
connected to the light emitting device; and an encapsulating
layer surrounding the light emitting device. The light emitting
device comprises: a conductive substrate; a reflective layer on
the conductive substrate; an etching protective layer on a
peripheral portion of a top surface of the conductive substrate;
and a light emitting structure, which 1s formed on the retlec-
tive layer and the etching protective layer such that the etch-
ing protective layer 1s partially exposed, wherein the etching
protective layer includes a first refractive layer having a first
refractive index and a second refractive layer having a second
refractive index greater than the first refractive index.

According to the embodiment, there 1s provided a lighting
system comprising: alight emitting device package including
a package body, a light emitting device on the package body,
an electrode electrically connected to the light emitting
device, and an encapsulating layer surrounding the light emat-
ting device. The light emitting device comprises: a conductive
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substrate; a reflective layer on the conductive substrate; an
etching protective layer on a peripheral portion of a top sur-
face of the conductive substrate; and a light emitting struc-
ture, which 1s formed on the reflective layer and the etching
protective layer such that the etching protective layer 1s par-
tially exposed, wherein the etching protective layer includes a
first refractive layer having a first refractive index and a sec-
ond refractive layer having a second refractive index greater
than the first refractive index.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 6 are sectional views showing a method of
manufacturing a light emitting device according to the
embodiment;

FIGS. 7a and 7b are sectional views showing a light emit-
ting device according to the embodiment;

FIGS. 8 and 9 are graphs showing the retlection factor of an
etching protective layer in a light emitting device according to
the embodiment;

FIGS. 10 and 11 are graphs showing the reflection factor of
an etching protective layer 1n a light emitting device accord-
ing to another embodiment; and

FIG. 12 1s a view showing a light emitting apparatus
according to the embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

In the description of the embodiments, 1t will be under-
stood that, when a layer (or film), a region, a pattern, or a
structure 1s referred to as being “on” or “under” another
substrate, another layer (or film), another region, another pad,
or another pattern, 1t can be “directly” or “indirectly” on the
other substrate, layer (or film), region, pad, or pattern, or one
or more 1mtervening layers may also be present. Such a posi-
tion of the layer has been described with reference to the
drawings.

The thickness and si1ze of each layer shown in the drawings
can be exaggerated, omitted or schematically drawn for the
purpose ol convenience or clarity. In addition, the size of
clements does not utterly reflect an actual size.

FIGS. 1 to 6 are sectional views showing a method of
manufacturing a light emitting device according to the
embodiment.

Referring to FIG. 1, a nitride semiconductor layer 2 includ-
ing a buifer layer 1s formed on a growth substrate 1, and a light
emitting structure 6 including a first conductive semiconduc-
tor layer 3, an active layer 4 and a second conductive semi-
conductor layer 5 1s formed on the nitride semiconductor
layer 2.

Various substrates, such as Al,O,, S1, S1C, GaAs, ZnO, and
MgQO substrates, can be used as the growth substrate 1. The
nitride semiconductor layer 2 may include an undoped GaN
layer, and the light emitting structure 6 may include a GalN-
based semiconductor layer.

The first conductive semiconductor layer 3 may include a
group I1I-V compound semiconductor doped with a first con-
ductive dopant. For instance, the first conductive semicon-
ductor layer 3 may include GalN, AIN, AlGaN, InGaN, InN,
InAlGaN, AlInN, AlGaAs, GaP, GaAs, GaAsP or AlGalnP. If
the first conductive semiconductor layer 3 1s an N type semi-
conductor layer, the first conductive dopant 1s an N type
dopant, such as S1, Ge, Sn, Se, or Te. The first conductive
semiconductor layer 3 may have a single layer structure or a
multi-layer structure, but the embodiment 1s not limited
thereto.



US 8,637,884 B2

3

The active layer 4 1s formed on the first conductive semi-
conductor layer 3 and may have one of a single quantum well
structure, a multiple quantum well (MQW) structure, a quan-
tum dot structure and a quantum wire structure. The active
layer 4 can be prepared as a well/barrier layer by using group
I1I-V compound semiconductor. For instance, the active layer
4 may include an InGaN well/GaN barrier layer or an InGalN
well/AlGaN barrier layer.

A clad layer can be interposed between the active layer 4
and the first conductive semiconductor layer 3, or the active
layer 4 and the second conductive semiconductor layer 5. The
clad layer may include an AlGaN-based semiconductor.

The second conductive semiconductor layer 3 1s formed on
the active layer 4. The second conductive semiconductor
layer S may include a group 11I-V compound semiconductor
doped with a second conductive dopant. For instance, the
second conductive semiconductor layer 5 may include GaN,

AIN, AlGaN, InGaN, InN, InAlGaN, AllnN, AlGaAs, GaP,
(GaAs, GaAsP or AlGalnP. If the second conductive semicon-
ductor layer 5 1s a P type semiconductor layer, the second
conductive dopant 1s a P type dopant, such as Mg or Zn. The
second conductive semiconductor layer 5 may have a single
layer structure or a multi-layer structure, but the embodiment
1s not limited thereto.

Meanwhile, the light emitting structure 6 may further
include an N type semiconductor layer on the second conduc-
tive semiconductor layer 5. For instance, the light emitting
structure 6 may include at least one of an N-P junction, a P-N
junction, an N-P-N junction, and a P-N-P junction.

An etching protective layer 7 1s formed on a peripheral area
of the top surface of the second conductive semiconductor
layer 5.

When the isolation etching 1s performed to separate the
light emitting device into a chip unit, the etching protective
layer 7 prevents electric short which 1s caused as metallic
material 1s splashed to the first conductive semiconductor
layer 3, the active layer 4 and the second conductive semi-
conductor layer 5.

The etching protective layer 7 can be formed by alternately
stacking two mediums having different refractive indexes.
The etching protective layer 7 effectively reflects light emiat-
ted from the active layer 4, thereby improving light efficiency
of the light emitting device. The etching protective layer 7
will be described later 1n detail.

Referring to FIG. 2, a reflective layer 8 1s formed on the
second conductive semiconductor layer 3.

The reflective layer 8 may 1nclude at least one of Ag, Al,
Ag—Pd—Cu, and Ag—Cu having higher light reflectivity.

Although not shown in the drawings, an ohmic contact
layer can be formed on the second conductive semiconductor
layer 5 for ohmic contact and an adhesive layer can be formed
on the ochmic contact layer. In this case, the reflective layer 8
1s formed on the adhesive layer. Otherwise, the ohmic contact
layer 1s formed on the second conductive semiconductor layer
5 for ohmic contact and the retlective layer 8 1s formed on the
ohmic contact layer.

For imstance, the ohmic contact layer may include ITO
(Indium-Tin-Oxide). The ohmic contact layer includes mate-
rial that permaits the ohmic contact with the second conductive
semiconductor layer 3.

The adhesive layer may include AZO (Aluminum-Zinc-
Oxide) or IZO (Indium-Zinc-Oxide). Since the adhesive layer
includes oxide material, light transmittance can be improved.
If the AZO or 170 1s used as the adhesive layer, the adhesive
layer can be formed with large thickness, so material of the
reflective layer 8 can be prevented from diffusing into the
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4

light emitting structure. The ohmic contact layer and the
adhesive layer can be selectively formed according to mate-
rial of the reflective layer 8.

Referring to FIG. 3, a seed layer 9 1s formed on the reflec-
tive layer 8. The seed layer 9 may include one of Au, Cu, Mo,
Pt, Sn and W. A conductive substrate 10 1s formed on the seed
layer 9. For instance, the conductive substrate 10 can be
formed by coating copper onto the seed layer 9.

Instead of forming the seed layer 9 on the retlective layer 8,
a bonding layer 95 can be formed on the retlective layer 8 to
bond the conductive substrate 10 with the reflective layer 8. In
this case, the conductive substrate 10 may include at least one
of Ti, Cu, Cr, N1, Al, Pt, Au, W, Mo and a semiconductor
substrate doped with impurities.

Referring to FIG. 4, in the structure shown 1n FIG. 3, the
growth substrate 1 1s removed through an LLO (laser lift oil)
scheme or a CLO (chemuical lift off) scheme. At this time, the
nitride semiconductor layer 2 1s also removed. According to
the embodiment, only the growth substrate 1 1s removed.

Referring to FIG. 5, an 1solation etching process 1s per-
formed to separate the light emitting device into chip units.
The 1solation etching process may include an ICP (Induced
Coupled Plasma) process. Peripheral portions of the nitride
semiconductor layer 2, the first conductive semiconductor
layer 3, the active layer 4 and the second conductive semi-
conductor layer S are partially removed through the 1solation
ctching process.

At this time, the etching protective layer 7 1s partially
exposed. Due to the etching protective layer 7, particles can
be prevented from being generated from the seed layer 9, the
bonding layer and the conductive substrate 10 and electric
short caused by the particles attached to the light emitting
structure 6 can be prevented.

Referring to FIG. 6, the mitride semiconductor layer 2 1s
selectively removed to form an electrode 11 on the first con-
ductive semiconductor layer 3. In addition, a light extracting
structure 2a having a hole shape or a column shape 1s formed
on the top surface of the mitride semiconductor layer 2 1n such
a manner that the light emitted from the light emitting struc-
ture 6 can be eflectively extracted upward. In this manner the
light emitting device according to the embodiment can be
manufactured.

FIG. 7a 1s a sectional view showing the light emitting
device according to the embodiment.

The light emitting devices shown in FIGS. 7a and 75 are
manufactured through the method shown in FIGS. 1 to 6.

The light emitting device includes the conductive substrate
10, on which the seed layer 9 or the bonding layer, 96 1n FIG.
7b, 1s formed, and the reflective layer 8 1s formed on the center
portion of the seed layer 9 or the bonding layer. In addition,
the etching protective layer 7 1s formed on the peripheral
portion of the top surface of the seed layer 9 or the bonding
layer.

When the 1solation etching process 1s performed for the
light emitting device, the etching protective layer 7 serves as
a protective layer to prevent electric short, which 1s caused as
maternal of the seed layer 9, the bonding layer or the conduc-
tive substrate 10 1s splashed to the light emitting structure 6.
In addition, the etching protective layer 7 reflects the light
emitted from the active layer 4 so that degradation of light
elliciency, which 1s caused due to absorption of light into the
seed layer 9, the bonding layer or the conductive substrate 10,
can be prevented.

The etching protective layer 7 includes a first refractive
layer 7a having a first refractive index and a second refractive
layer 7b having a second refractive index greater than the first
refractive index. A plurality of first and second refractive
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layers 7a and 756 are formed alternately and repeatedly. At
least one pair of first and second refractive layers 7a and 756
are provided. Preferably, at least two pairs of first and second
refractive layers 7a and 7b are provided.

The first refractive layer 7a may include at least one of >
S10,, having a refractive mndex of 1.4 and Al,O, having a
refractive index o 1.7, and the second refractive layer 7o may
include at least one of S1 having a refractive index of 4.6,
S1—H having a refractive index o1 3.2, S1,N_, having a refrac-
tive index of 2.0, SiN having a refractive index of 2.0, T10,
having a refractive imndex of 2.1 to 2.4 and ZrO, having a
refractive index of 2.1.

The etching protective layer 7 may serve as a DBR (Dis-
tributed Bragg Retlector) to increase the retlection factor.

When a wavelength of light emitted from the light emitting,
device 1s A, a refractive index of the first refractive layer 7a or
the second refractive layer 75 1s n, and m 1s odd number, the
first and second refractive layers 7a and 756 of the etching
protective layer 7 are stacked at the thickness of mA/4n to 20
obtain the reflection factor of 95% or above at a specific
wavelength A of light. For instance, the first refractive layer 7a
can be formed with a thickness larger than that of the second
refractive layer 7b.

Meanwhile, the reflective layer 8 1s formed on the seed 25
layer 9 or the bonding layer. At least a part of the retlective
layer 8 1s surrounded by the etching protective layer 7. The
reflective layer 8 reflects light, which 1s emitted from the
active layer 4 and directed to the conductive substrate 10, such
that the light 1s directed upward, thereby improving light
eificiency of the light emitting device.

The light emitting structure 6 including the second conduc-
tive semiconductor layer 5, the active layer 4 and the first
conductive semiconductor layer 3 1s formed on the reflective
layer 8, and the nitride semiconductor layer 2 having the light
extracting structure 2q 1s formed on the first conductive semi-
conductor layer 3. In addition, the electrode 11 1s formed on
the first conductive semiconductor layer 3.

As indicated by arrows 1 FIGS. 7a and 7b, a part of light 49
emitted from the light emitting device 1s directed toward the
ctching protective layer 7 by passing through a lateral side of
the light emitting structure 6. As mentioned above, the etch-
ing protective layer 7 has higher light reflectivity so that the
light efficiency of the light emitting device can be improved. 45

FIGS. 8 and 9 are graphs showing the reflection factor of an
ctching protective layer in a light emitting device according to
the embodiment, and FIGS. 10 and 11 are graphs showing the
reflection factor of an etching protective layer 1n a light emat-
ting device according to another embodiment. 50

Referring to FIGS. 8 and 9, the reflection factor of the
etching protective layer 7 shown 1n FIGS. 8 and 9 can be
obtained when the first refractive layer 7a having a thickness
of 82.14 nm and including S10, with a retfractive index of 1.4
and the second refractive layer 75 having a thickness of 57.5 55
nm and including SiN with a refractive index of 2.0 are
repeatedly formed 1n the light emitting device that emaits light
having a wavelength of 460 nm.

Referring to FIG. 8, the reflection factor 1s represented in a
unit of percentage (%) according to the wavelength of the 60
light emitted from the light emitting device. Referring to FIG.

9, the reflection factor 1s represented 1n a unit of percentage
(%) according to the number of pairs of the first and second
refractive layers 7a and 7b.

As shown 1n FIG. 8, the etching protective layer 7 repre- 65
sents the reflection factor of 90% or above with respect to the
light having the wavelength o1 400 nm to 540 nm. In addition,
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as shown 1n FI1G. 9, the reflection factor may increase propor-
tionally to the number of pairs of the first and second refrac-
tive layers 7a and 7b.

Referring to FIGS. 10 and 11, the retlection factor of the
ctching protective layer 7 shown 1 FIGS. 10 and 11 can be
obtained when the first refractive layer 7a having a thickness
of 82.14 nm and mcluding S10, with a refractive index of 1.4
and the second refractive layer 76 having a thickness o1 54.76
nm and including T10O, with a refractive index of 2.1 are
repeatedly formed in the light emitting device that emits light
having a wavelength of 460 nm.

Referring to FIG. 10, the reflection factor 1s represented 1n
a unit of percentage (%) according to the wavelength of the
light emitted from the light emitting device. Referring to FIG.
11, the reflection factor 1s represented 1n a unit of percentage
(%) according to the number of pairs of the first and second
refractive layers 7a and 7b.

As shown 1n FIG. 10, the etching protective layer 7 repre-
sents the reflection factor of 90% or above with respect to the
light having the wavelength o1 400 nm to 540 nm. In addition,
as shown 1n FI1G. 11, the retlection factor may increase pro-
portionally to the number of pairs of the first and second
refractive layers 7a and 7b.

As described above, the light emitting device according to
the embodiment includes the etching protective layer 7 so that
the light efficiency can be improved.

FIG. 12 1s a sectional view showing a light emitting device
package including the light emitting device according to the
embodiments.

Referring to FIG. 12, the light emitting device package
according to the embodiments includes a package body 30,
first and second electrodes 31 and 32 installed 1n the package
body 30, a light emitting device 100 installed in the package
body 30 and electrically connected to the first and second
clectrodes 31 and 32, and an encapsulating layer 40 surround-
ing the light emitting device 100.

The package body 30 may include silicon, synthetic resin
or metal and may have a cavity with an inclined lateral side.

The first and second electrodes 31 and 32 are electrically
separated from each other and supply power to the light
emitting device 100. In addition, the first and second elec-
trodes 31 and 32 retlect the light emitted from the light emait-
ting device 100 to improve the light efficiency and dissipate
heat generated from the light emitting device 100 to the
outside.

The light emitting devices as shown 1n FIGS. 7a and 76 can
be used as the light emitting device 100. The light emitting
device 100 can be installed on the package body 30, the first
clectrode 31 or the second electrode 32.

The light emitting device 100 can be electrically connected
to the first and second electrodes 31 and 32 through a wiring
scheme, a flip chip scheme or a die bonding scheme. Accord-
ing to the embodiment, the light emitting device 100 1s elec-
trically connected to the first electrode 31 through a wire 50
while directly making contact with the second electrode 32.

The encapsulating layer 40 surrounds the light emitting,
device 100 to protect the light emitting device 100. In addi-
tion, the encapsulating layer 40 may include a phosphor to
vary the wavelength of the light emitted from the light emait-
ting device 100.

The light emitting apparatus may include at least one light
emitting device according to the embodiment. The embodi-
ment may not limit the number of the light emitting devices.

A plurality of light emitting device package according to
the embodiment can be arranged on the substrate. In addition,
optical members, such as a light guide plate, a prism sheet and
a diffusion sheet, can be arranged 1n a path of light emaitted
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from the light emitting device package. The light emitting
device package, the substrate, the optical members may serve
as a lighting device. According to another embodiment, a
display device, an indicating device, or a lighting system can
be established by using the light emitting device or the light
emitting device package. For instance, the lighting system
may include a lamp or a street lamp.

Any reference 1n this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s included 1n at least one
embodiment of the invention. The appearances of such
phrases 1n various places 1n the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled 1n the art to effect such
feature, structure, or characteristic 1n connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of 1illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible 1n the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to vanations and modifications in the
component parts and/or arrangements, alternative uses will

also be apparent to those skilled in the art.

What 1s claimed 1s:

1. A light emitting device comprising:

a conductive substrate;

a reflective layer on the conductive substrate;

an etching protective layer on the conductive substrate, the
ctching protective layer having an outer edge and an
iner edge; and

a light emitting structure, which 1s formed on the reflective
layer and the etching protective layer such that the etch-
ing protective layer 1s partially exposed and includes a
first conductive semiconductor layer, a second conduc-
tive semiconductor layer and an active layer between the
first and second conductive semiconductor layers; and a
bonding layer between the conductive substrate and the
reflective layer,

wherein the etching protective layer includes a first refrac-
tive layer having a first refractive index and a second
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refractive layer having a second refractive index greater
than the first refractive index, and

wherein a bottom surface of the reflective layer 1s flush with
a bottom surface of the etching protective layer.

2. The light emitting device of claim 1, wherein the first and

second refractive layers are stacked alternately.

3. The light emitting device of claim 1, wherein the first
refractive layer includes at least one of S10, and Al,O;.

4. The light emitting device of claim 1, wherein the second
refractive layer includes at least one of S1, S1—H, S1,N_, SiN,
T10,, and ZrO.,,.

5. The light emitting device of claim 1, further comprising
a nitride semiconductor layer having a light extraction struc-
ture on the light emitting structure.

6. The light emitting device of claim 1, wherein at least two
pairs of first and second refractive layers are provided.

7. The light emitting device of claim 1, wherein the first and
second refractive layers have thickness ol mA/4n respectively,
in which A 1s a wavelength of light emitted from the light
emitting structure, n 1s a refractive index of the first refractive
layer or the second refractive layer, and m 1s an odd number.

8. The light emitting device of claim 1, wherein the first
refractive layer 1s thicker than the second refractive layer.

9. A lighting system comprising:

a light emitting device package including the light emitting

device of claim 1;

a substrate on which the light emitting device package 1s

arranged; and

at least one of optical members selected from group con-

sisting of a light guide plate, a prism sheet and a diffu-
sion sheet, the at least one of optical members being,
arranged 1n a path of light emitted from the light emitting
device package.

10. The light emitting device of claim 1, wherein the first
refractive layer 1s disposed on the bonding layer.

11. The light emitting device of claim 1, wherein the light
emitting structure 1s disposed on the second refractive layer.

12. The light emitting device of claim 1, wherein the etch-
ing protective layer 1s disposed only on a peripheral portion of
a top surface of the bonding layer.

13. The light emitting device of claim 1, further comprising
an electrode on the light emitting structure,

wherein the etching protective layer does not vertically

overlap with the electrode.

14. The light emitting device of claim 1, wherein a lateral
width of the reflective layer 1s larger than a width between the
inner edge and outer edge of the etching protective layer.
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